Plastic surgery patients undergoing either local (LA) or general (CA) anaesthesia of at least fortylive minutes' duration and a non-patient control group were used to examine the extent and duration 0/ deterioration in rnental functioning following CA and the factors influencing such deterioration. Mental jilflctioning was assessed by a ba{(ery of six tests administered one week before anaesthesia, four days after anaesthesia and six weeks after anaesthesia. Mental performance of CA patients but not of LA patients was significantly impaired on the fourth postoperative day. Six weeks ajrer anaesthesia CA patients were still per/orming significantly below controls. There was marked variation in the pallern of recovery, some CA patients failing to regain their pre-operative level 0/ performance after six weeks. Severity of deterioration jollowing general anaesthesia was significantly correlated with habitual ca/leine consllmption.
doses of anaesthetic agents S . 6 have shown that the presence of even very small amounts of anaesthetic agents can cause immediate, measurable effects on such fundamental cognitive processes as memory, perception and organisation of incoming material.
Research involving patients undergoing anaesthesia has largely been confined te studying the effects of the relatively shortduration anaesthesia accompanying surgical procedures such as varicose vein stripping operations,7 cystoscopies,8 extraction of senile cataracts 9 and minor gynaecological procedures. 10 In general, such studies have found post-anaesthesia effects on mental functioning in the immediate postoperative period and lasting up to one week after anaesthesia.
The effect of longer general anaesthesia on mental performance has been experimentally investigated using paid non-patient volunteers. 11. 12 These studies have found little or no intellectual effects attributable to anaesthesia to be present by the eighth postanaesthesia day. Such laboratory research makes an important contribution to the area by isolating the effects of anaesthesia from the effects of surgery, but the interpretation of such studies is difficult because of such methodological considerations as biases in selection of subjects (and hence limited generalisability of results) and the motivational effects on test performance of using paid volunteers.
We felt that some results of past research in the area appeared to conflict with the persistent reports of patients that the effects of general anaesthesia on mental performance lingered well beyond the immediate postoperative period. In this study therefore we aimed to determine whether, in patients undergoing longer anaesthesia, there were any effects from the anaesthesia on mental. functioning and to investigate the nature and duration of such effects if found. METHODS 
(a) Experimental design
A major difficulty of research in the area of general anaesthesia and mental functioning is the large number of variables that must be considered. These include: characteristics of the surgery accompanying anaesthesia and other possible occurrences during anaesthesia, such as more severe or extended episodes of hypoxia or hypocarbia; possible differences in effect between agents used to induce and maintain anaesthesia; possible influences of different premedication agents; the effects of the hospital environment on the motivation and well-being of patients and, therefore, on mental performance; practice effects that accrue with repeated administrations of a particular test of mental performance. Some of the variables listed above are specifically controlled in the present study. The effects of hospitalisation on mental performance were controlled for by having two groups of patient-subjects: the experimental group, those undergoing general anaesthesia (the GA group); and a control group of patients hospitalised for surgery to be carried out under local anaesthesia (the LA group). The effect of practice on performance in repeated test administrations was controlled by the use of a non-patient control group, matched in age and sex with the subjects receiving GA. Informed consent was obtained from all subjects participating in the research and this and all other procedures were approved by the Medical Ethics Review Committee of the Royal North Shore Hospital, Sydney.
Episodes of hypoxia or hypocarbia during anaesthesia could, of themselves, disrupt mental functioning. 13 In the present study i . patients' carbon dioxide and oxygen levels were not routinely monitored. However, there was no clinical evidence of hypoxia in any of the patients taking part in the research and previous monitoring of the effects of the anaesthetic technique used has shown end-tidal carbon dioxide levels to be above 30 mmHg. Research suggests 13, 14 that hypocarbia at this level is unlikely to have a detrimental effect on mental functioning,
(b) Anaesthesia administered
Patients receiving GA were induced with thiopentone, paralysed with a muscle relaxant and intubated. Anaesthesia was maintained with nitrous oxide/oxygen and either halothane or enflurane; a narcotic supplement (either fentanyl or morphine) was administered as required.
Local anaesthetic used was bupivacaine 0.25070 with ornipressin (l in 30).
The anaesthetists participating in the study followed their usual clinical practice in regard to the agents used, monitoring of vital functions and recovery procedures.
No attempt was made in the present study to detect differences between anaesthetic agents or between premedication agents in the extent to which mental performance was affected. More detailed questions relating to possible differential effects between agents have been left for a later study.
(c) Subject selection
All subjects in the present research were aged 18 years or more, had no known neurological anomaly and were unpaid volunteers. Patients participating in the study were all recruited from the practice of one plastic surgeon and were consecutive adult patients scheduled for plastic surgery of at least 45 minutes' duration during the research period. All but three Anaesthesia and 1I1Iensive Care, Vol. 12, No. 4, November, 1984 patients approached during the research period agreed to participate. Since a number of plastic surgery techniques can be performed under local anaesthesia, it was possible to obtain a group of LA patients whose experience of hospitalisation was very similar to that of patients undergoing general anaesthesia. All patients included in the present sample underwent anaesthesia, whether local or general, of at least 45 minutes' duration. The median length of anaesthesia was 100 minutes in the GA group and 70 minutes in the LA group.
It was not possible to assign patients randomly to GA or LA groups, since decisions about the kind of anaesthetic to be given were made after discussion between the pat ient and the surgeon and anaesthetist. While random assignment would certainly have been experimentally ideal, the biases inherent in the assignment of patients to GA or LA conditions were likely to be in the direction of obscuring hypothesised experimental effects rather than enhancing them, since it was the anaesthetists' practice to administer LA, where practicable, to poorer risk surgical patients. On the basis of the usual practice of the surgical teams involved, it was expected that anaesthetic groups of approximately equal size would naturally occur. However, in the event only seven of the subjects who took the preoperative psychological tests were ultimately given local anaesthetics, while twenty-three subjects received general anaesthetics.
The GA group was comprised of fifteen females and eight males aged between 18 and 73 years with a mean age of 35.4 years. The control group of 23 subjects was of a nearly identical distribution, being matched in age and sex with the GA group. The LA group comprised six males and one female aged between 26 and 68 years, with a mean age of 49.7 years. There is no reason to believe that the different sex composition of the LA group should have any experimentally confounding effect. 15 Since subjects in the LA group were older than those in the other two groups, lower mean scores on tests of mental performance would be expected in this group.IS Such an agerelated difference between the LA and the GAl control groups in initial levels of performance would not affect the main aim of Anaesthesia and Intensive Care. Vol. 12 , No. 4, November, 1984 the study, which was to examine performance trends across three test occasions, except to the extent that any age-related reduction in improvement across testing occasions in the LA group might make certain LA/GA differences (e.g. greater deterioration in the GA group) somewhat less obvious.
On the basis of reports in the literature5.6.I012 the broad categories of concentration, attention, memory, learning and speed of reaction were selected as targets for measurement. Eight weeks of pilot testing was carried out before the commencement of the present study, during which time specific instruments to measure the five target aspects of mental functioning were selected on the basis of test sensitivity in detecting post-anaesthetic effects. The final test battery so derived was: Digit Symbol Substitution (a coding task that measures speed and accuracy, with some memory component) and Digit Span (measuring immediate memory) from the Wechsler Adult Intelligence Scale; 16 Mental Control, a sub-test of the Wechsler Memory Scale l7 measuring speed of mental processing; the Rey Auditory-Verbal Learning Test, 18 a test of learning and memory; and tests of reaction time and vigilance. In addition to measuring specific aspects of mental functioning the six tests described, administered consecutively, could be seen as a 30-minute test of sustained concentration.
Subjects in all three groups were assessed with the above battery of six tests on three occasions: one week before anaesthesia, four days after anaesthesia and, finally, six weeks afte'r anaesthesia. For the non-patient control group, inter-test intervals were matched with the patient groups although, of course, no anaesthesia was experienced. Tests were administered in the same order for all subjects at every test occasion. All testing of the control group and pre-operative and follow-up testing of the patient groups was carried out in the subject's home. Postoperative testing of patients was carried out in a quiet room attached to the hospital ward. Two experimenters were involved in assessing subjects, but each subject was seen by only one experimenter, who conducted all three assessment sessions for that subject.
Because of the possible effect of affective state on performance of cognitive tests 19 the subject's current levels of anxiety, tension/stress and depression were also assessed on each of the three assessment occasions, using Lovibond's* Self-Analysis Questionnaire (SAQ), a self-report measure of current affective state. Mean scores for anxiety, tension/stress and depression were low for all groups on all test occasions.
(e) Statistical analysis
Although changes specific to particular tests were noted, the present study did not follow the practice, used in previous research in the area, 5,6,10-12 of carrying out statistical analysis of pre-and post-anaesthesia results on the individual cognitive tests that comprised the test battery. Instead, both to conserve statistical power and to provide a clearer picture of the effect of anaesthesia on overall cognitive performance, a single overall 'performance score' was calculated for each subject on each test occasion. This was done, first of all, by standardising scores on each of the six assessment instruments included in the test battery. The standardisation procedure resulted in each subject's score on each test, on each assessment occasion, now being expressed in terms of the standard deviations by which the subject's score was removed from the grand mean of all subjects' scores for that test, across all assessment occasions. By this means, scores on each of the six assessment instruments used in the study were converted so as to be expressed in units that were equivalent between tests. A 'performance score' for each subject on each test occasion was then calculated by summing the six standardised scores, so that each of the six assessment instruments had an equal potential weighting in its contribution to the subject's final 'performance score' for each test session. 'Performance score' was then entered as the dependent variable in an analysis of variance 20 and planned statistical comparisons (Table 1) were tested.
A second statistical analysis was carried out, using data from the GA group only, to examine the extent to which the change in cognitive performance between pre-operative and *Lovibond SH. Self~Analysis Questionnaire. Paper delivered a1 Australian PsydlOiogical Society Meeting, Perth, 1982. 20 in which the criterion variable was the change score between pre-and postoperative performance scores for each subject. Seven predictor variables were entered into the multiple regression analysis: subject's age; duration of anaesthesia; number of general anaesthetics undergone in the preceding two years; number of cigarettes smoked daily; daily caffeine consumption (tea, coffee and cola drinks); daily alcohol consumption (expressed as number of standard drinks); exercise habits, considered in three categories -regular aerobic, regular nonaerobic, irregular or none.
RESULTS

(a) Overall performance
The overall results of the study, in terms of means and standard deviations for performance score of each group at each test occasion, are set out in Table 2 and results are graphically displayed in Figure 1 . Results of analysis of variance are set out in Table 3 . As predicted, the LA group, being comprised of older subjects, performed at a lower mean level than did the other two groups at the initial 'preoperative' test. However, the change in performance between pre-operative and ANAESTHESIA AND MENTAL FUNCTIONIN(j 
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There is no significant difference between the performance of the GA group and that of the control group at initial 'pre-operative' testing, but at follow-up the gap between the two groups has slightly more than doubled and is statistically significant (p<0.05).
It can be seen in Table 2 that standard deviations for all groups on all test occasions are quite large. This result reflects variability between subjects in the level of cognitive performance on anyone test occasion. However, within each group there is great consistency across subjects in the pattern of results over the three test occasions. In the GA group, results for 17 subjects (74070) show, as in the mean performance of the GA group, a marked decline in performance after anaesthesia followed by a substantial improvement in performance at follow-up. The remaining six subjects in the GA group showed either no change, or a small increment, in cogmtJve performance four days after anaesthesia, followed by a substantial improvement in performance at follow-up. It seems likely that GA did have an effect on the cognitive performance of these six patients in the form of a slowing of the rate of improvement rather than the production of a performance deficit in absolute terms. While most GA patients showed a deterioration of cognitive performance after anaesthesia, there were, however, quite big differences between subjects in the size of decrement evident and such differences are reflected in the large standard deviation for the GA group at posttest.
(b) General anaesthesia group results
Of the seven predictor variables (age, duration of anaesthesia, number of previous anaesthetics, smoking habits, caffeine consumption, alcohol consumption and exercise) entered into the multiple regression analysis, only one, daily caffeine consumption, significantly (p<0.05) predicted the extent of decreases in performance between pre-and postoperative testing. There was also a significant (p<0.05) positive simple correlation (0.49) between daily caffeine consumption and postoperative performance deterioration. The relationship between daily caffeine consumption and postoperative performance deterioration is illustrated in Figure 2 . For the purposes of the graph, high caffeine consumption is defined as 5 or more cups per Anaesthesia and Intensive Care. Vol. 12, No. 4, November, 1984 day, while low caffeine consumption is defined as 4 or fewer cups per day.
(c) ResulfS for individual subjects
The mean performance of the GA group improved greatly between post-anaesthetic testing and follow-up six weeks later, by which time the group as a whole was performing well above the level of baseline, or pre-operative, performance ( Figure I) . However, a potentially clinically important result of the present study was the finding that a small number of subjects appeared to be quite profoundly affected by their anaesthetic experience. For three subjects in the GA group (13070) a marked deterioration in mental efficiency at testing four days after anaesthesia was followed by a level of performance at follow-up, six weeks after anaesthesia, that had failed to regain the subject's pre-operative level of functioning, despite the expected practice effects from repeated experience with the test battery.
(d) Performance on individual tests
Each of the six assessment instruments that comprised the test battery in the present study was selected to measure a particular aspect of mental functioning and it is therefore of interest to examine mean group performances on each of the tests at each assessment occasion. On every test, except Digit Span, some deterioration was evident in the GA group's postoperative results. However, the size of the difference between GA group performance and control group performance at both postoperative and follow-up test occasions varied across tests, with deterioration in GA group performance being particularly evident in three tests: Reaction time, Vigilance and Mental Control. These measures showed substantial deterioration at postoperative testing, four days after anaesthesia. On the Mental Control test, as in overall 'performance score' results, the gap between the GA group and control group was twice as large at followup as it was at pre-operative testing. In tests of reaction time and vigilance GA and control groups had equivalent performances at preoperative testing but at follow-up the GA group was performing well below the control group on each test. On the tests Digit Symbol Substitution and the Rey Auditory-Verbal Learning test, despite clear deterioration in performance four days after anaesthesia, the GA group's performance at follow-up was equivalent to that of the control group. The Digit Span test showed no effects of anaesthesia on performance. DISCUSSION 
(a) Overall performance
A comparison of postoperative test results for the GA and control groups, considered alongside the results of previous research in the area,7,11,12 leaves little doubt that patients' mental functioning in the days immediately following general anaesthesia of more than 45 minutes' duration is substantially less efficient than it would have been if no anaesthesia had been given. Moreover, there is no statistical difference between the LA group and the control group in respect of the changes occurring across the three test occasions (Table  3 ) and the similarity of the pattern of results for the two groups is evident in Figure 1 . This similarity between the results of the LA and control groups suggests that the GA group's performance deficit at postoperative testing is attributable to some aspect of their experience of general anaesthesia and not to the effects of surgical hospitalisation, which they shared with the LA group.
The data also indicate that, despite the improvement in performance of the GA group between postoperative testing and follow-up, six weeks after anaesthesia the mean level of functioning in the GA group was still significantly below that of the control group. In fact, the difference between the two groups at follow-up is more than twice as great as it was at pre-operative testing. There appear to be two possible explanations for this relative performance deficit observed in the GA group at follow-up: the observed deficit may be a function of the GA group's performance at follow-up still being somewhat depressed as a result, presumably, of general anaesthesia. An alternative, and perhaps more likely, explanation of the observed deficit is that although the GA group, like the control group, completed the same test battery on three consecutive occasions, the GA group had been deprived, again presumably by the effects of their anaesthetic, of some part of the expected practice, or learning, effects that normally occur between repeated administrations of the same tests of mental performance. Such practice effects are clearly demonstrated in the control group results.
Two methodological comments may be made concerning the results for overall performance in the present study. First of all, using a single measure of overall performance, rather than performing statistical analyses on individual test results, had the effect of conserving statistical power and made it more likely that an experimental effect could be detected. Further, a close examination of the data for individual subjects revealed that, especially at postoperative testing, subjects in the GA group varied considerably in respect of which of the six test results were most affected. Consequently, the clearest picture of the effects of anaesthesia was gained by using a single measure that incorporated all the mental skills assessed. An additional consideration is that such a composite score reflects the fact that in addition to its specific properties the battery of tests in the present study constitutes a 30-minute test of sustained attention (or concentration).
A second methodological comment concerns the use of a non-patient control group. It has been found in the present study that the use of such a group provides valuable comparative data, especially in respect of follow-up performance, and provides comparative evidence that the mere achievement of the preoperative level of performance on a particular test is not sufficient evidence of complete cognitive recovery.
(b) General anaesthesia group performance at postoperative testing The finding that the level of habitual caffeine consumption is a significant predictor of the extent to which a patient's cognitive functioning is affected by general anaesthesia is a result that needs to be examined in greater depth in future research. The twenty-three patients in the GA group had a wide range of reported levels of caffeine consumption, from none to the equivalent of twenty cups of coffee (or approximately 2.5 gms of caffeine) per day. It may be that the result obtained in the present study is simply a function of sampling error, or that caffeine consumption reflects the operation of a possibly more significant variable with which it is positively correlated, perhaps something like life stress.
An alternative explanation of the observed relationship between habitual caffeine consumption and cognitive deficits four days after GA is the possibility that some subjects were suffering the effects of caffeine deprivation. However, such an explanation seems somewhat implausible for the present finding, since tea and coffee were freely available in the wards where the research was carried out and by four days after non-invasive surgery patients had generally resumed normal eating and were not restricted in terms of beverage consumption.
(c) Perforl/lance of individual subjecls
Of clinical importance is the finding that the effects of general anaesthesia on mental functioning varied greatly between individuals and that some people appeared to be quite profoundly affected by their anaesthetics and had failed to return to a pre-operative level of performance six weeks after anaesthesia. Past research, assessing the effect of anaesthesia on mental functioning in terms of mean group performances, has largely found that such effects do not last more than about one week after anaesthesia. The research findings appeared to conflict with persistent reports from some patients that the effects of anaesthesia on cognitive functioning lasted well beyond the immediate postoperative period. It is suggested here that this apparent conflict may be explained by the finding in the present study that the effects of anaesthesia on mental functioning vary greatly between individuals.
Of some interest is the fact that the only common denominator found in the case histories of the three individuals who were most affected by general anaesthesia was the clinical impression that all three were rather highly stressed. Some support is lent to this clinical impression of a high stress level in these three people by the fact that two of these three mostaffected patients recorded the two highest preoperative tension/stress levels on the SAQ in the GA group. It is possible that there may have been some interaction between pre-operative stress level and the cognitive effects of general anaesthesia, but much more investigation of this question is indicated. 21 report that this function was the first to return following brief anaesthesia and had returned within two hours of recovery of consciousness. Ogg cl al. lo found that immediate memory was depressed for one to three hours only post operatively. Such results from previous research are consistent with the lack of effect on immediate memory observed in the present study, where the first postoperative assessment was carried out four days after anaesthesia. The present study offers some support for the concept that there are differences in the extent to which the various aspects of mental functioning are adversely affected by anaesthesia. While immediate memory recovers quickly, performance in more complex memory tasks, learning, reaction time, vigilance and speed and accuracy of mental processing is still substantially depressed four days after anaesthesia. In addition, six weeks after anaesthesia, some depression of mean scores is still evident in tests of reaction time, vigilance and speed of mental processing. This last result warrants further research attention, since it is not clear from the results of the present study whether the GA group's depressed follow-up performance on these latter tests is attributable to some loss of the practice effect normally occurring across testing occasions or to a continued impairment of ability in these areas six weeks after anaesthesia.
(e) Conclusions
The present study has confirmed findings from previous research that general anaesthesia disrupts mental functioning in the days immediately following surgery. It has been found, however, that the effects of general anaesthesia are not uniform either across individuals or across various aspects of mental functioning. The present results also raise the possibility of longer-term impairment of some specific aspects of mental functioning. The fact that some people were found to be much more affected by anaesthesia than others provides a possible explanation for the apparent conflict between patient reports of lasting effects of anaesthesia on mental performance and previous research findings (usually reflecting sample means) that the intellectual effects of anaesthesia rarely last more than about a week postoperatively.
Several questions remain to be further explored in future research. Among these are the effects of caffeine, and possibly of life stress, on the severity of deterioration in mental performance following anaesthesia; and the factors responsible for the observed depression of reaction time, vigilance and speed of processing in GA patients six weeks after surgery.
